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onboard camera 111 and the presence or absence of the defor-
mation of the observation object image between the captured
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1
VEHICLE PERIPHERY MONITORING
SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a vehicle periphery moni-
toring system that detects a pedestrian having a possibility to
approach a vehicle to which the monitoring system is
installed based on an image ofa vehicle periphery captured by
an onboard camera.

2. Background Art

Conventionally, vehicle periphery monitoring systems are
proposed that are configured to have two cameras installed on
one vehicle and detect, based on the principle of trigonometri-
cal survey, a distance between a monitoring object and the
vehicle based on an offset (parallax) between image areas of
a same monitoring object extracted from the images of the
vehicle periphery captured by the two cameras (see, for
example, JP Patent Publication (Kokai) No. 2001-6096A..)

According to the conventional vehicle periphery monitor-
ing system, a distance between the monitoring object in the
vehicle periphery and the vehicle is calculated, and conver-
sion is performed on the image coordinates of the position of
the monitoring object to its real-space coordinates based on
the distance to obtain a movement vector of the monitoring
object in the real-space, and the possibility that the vehicle
collide with the monitoring object is determined.

SUMMARY OF THE INVENTION

However, detecting a distance to a monitoring object based
on the parallax involves cost increase caused by having two
cameras, as well as inconveniences of bothersome, necessary
installation works including adjustment of optical axes of
both cameras that should be performed strictly.

The present invention is made in view of the foregoing
problems, and an object of the present invention is to provide
avehicle periphery monitoring system that can easily detect a
pedestrian having a possibility to collide with the vehicle to
which the monitoring system is installed, with a simple con-
figuration.

A vehicle periphery monitoring system of the present
invention that overcomes the above-described problem deter-
mines whether an observation object is a pedestrian relatively
approaching the vehicle to which the monitoring system is
installed based on a change rate of a size of an observation
object image between a plurality of captured images captured
at different time points by the onboard camera, and presence
or absence of deformation of the image of the observation
object between the captured images.

According to the present invention, it is possible, with a
simple configuration, to easily detect a pedestrian having a
possibility to collide with the vehicle to which the monitoring
system is installed. Problems, configurations and effects
other than those described above are clarified in the following
description of the embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of system configuration of a vehicle
periphery monitoring system according to the present
embodiment.

FIG. 2 is an example of a diagram showing an image
obtained by the capturing device.
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FIG. 3 is a diagram for explaining a relative relationship of
the object and the periphery of the vehicle to which the
monitoring system is installed at each time point.

FIG. 4 is a diagram for explaining a postulation for setting
a process region.

FIG. 5 is a diagram showing one-dimensional luminance
value wave form.

FIG. 6 is a diagram for explaining a method for calculating
an enlargement ratio of one-dimensional luminance value
wave form.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Next, a vehicle periphery monitoring system according to
the present embodiment is described with reference to the
drawings.

FIG. 1 is a diagram for explaining a configuration of a
vehicle periphery monitoring system according to the present
embodiment.

A vehicle periphery monitoring system 100 is for monitor-
ing whether a pedestrian is moving in such a relative direction
to approach the vehicle to which the monitoring system is
installed, and configured in an image processing ECU that is
not shown. The vehicle periphery monitoring system 100 is
not limited to those which are configured within the image
processing ECU, but may be configured in a dedicated ECU
or other onboard ECUs such as an ECU for an onboard
camera 111. Further, it may be configured as a combination of
a plurality of ECUs.

The vehicle periphery monitoring system 100, as shown in
FIG. 1, comprises a captured image acquiring unit 101 that
acquires a plurality of captured images captured in different
time points by the onboard camera 111, a process region
setting unit 102 that sets a process region for detecting an
observation object in the image acquired by the captured
image acquiring unit 101, a change rate calculation unit 103
that calculates a change rate of size of an observation object
image in the process region between captured images; an
appearance deformation determination unit 104 that deter-
mines presence or absence of deformation in the image of the
observation object in the process region between the captured
images; an object behavior analysis unit 105 that determines
whether an observation object is a pedestrian moving in such
arelative direction to approach the vehicle to which the moni-
toring system is installed, based on a change rate calculated
by the change rate calculation unit 103 and a result of deter-
mination by appearance deformation determination unit 104;
an alarm output determination unit 106 that determines
whether to perform alarm output based on the result of analy-
sis by the object behavior analysis unit 105.

To the input side of the vehicle periphery monitoring sys-
tem 100 are connected an onboard camera 111 for observing
the vehicle periphery, such as, the front and the back of the
vehicle, a wheel speed sensor 121 that acquires a revolution
speed of each wheel of the vehicle, a steerage angle sensor
122 that acquires a turning angle of a steering wheel; a sight
line sensor 123 that detects the direction in which a visually
focus of attention of the driver resides, and to the output side
thereof are connected a speaker 112 that emanates a warning
sound and a monitor 113 that displays an object because of
which the alarm is output. The onboard camera 111 is a
so-called monocular camera, and mounted on the vehicle to
capture the periphery of the vehicle to which the monitoring
system is installed. The onboard camera 111 is not limited to
a rear camera that captures the back of the vehicle, and it may
be a front camera that captures the front of the vehicle oraside
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camera that captures the flanks of the vehicle, or may be
provided with all of the above.

Next, a configuration of the vehicle periphery monitoring
system 100 is described in detail.

The captured image acquiring unit 101 feeds an analog
video signal output from the onboard camera 111 to an image
memory after converting it to digital data. In this operation,
the time point of image capturing or of feeding the image to
the image memory (hereafter referred to as an image captur-
ing time point) is kept in association with the image data fed
to the image memory. This provides an effect of enabling
calculation of an enlargement ratio of a pattern per unit time
without being affected by variation of the processing period
caused by computational load. It is possible, without consid-
ering the computational load, to capture images at a prede-
termined time interval and in a constant period. In this case, it
is possible to omit keeping the image capturing time point. By
omission of keeping the image capturing time point, reduc-
tion in memory usage and accelerating a video image acqui-
sition process can be expected as an effect. In the case of a
common analog video signal of BT601 standard or the like,
since there are predefined specifications for the conversation
to digital data, and A/D converter IC chips or the like are on
the market, the description of the details for conversion
method is omitted herein.

FIG. 2 shows images captured by an onboard camera at
image capturing time points t1, t2. FIG. 3 is a schematic
diagram showing the state of FIG. 2 viewed from the above
downwardly. A pedestrian M, at the image capturing time
point t1, as the state 301 shown in FIG. 3A, is standing at a
position apart from and at the of back the vehicle 311 to which
the monitoring system is installed, and captured as a small
object in the image 201 in FIG. 2A. On the other hand, at the
image capturing time point t2, as shown in the state 302 of
FIG. 3B, the pedestrian M has approached in such a relative
direction to approach the vehicle 311 and captured larger in
the image 202 in FIG. 2B than in image 201.

The process region setting unit 102 sets a plurality of
process regions on the image memory. When the distance to
and the size of the pedestrian detection are postulated, it is
possible to calculate the size of the observation object that can
be observed on the image. A process region having a size of
the observation object is set so as to be arranged on the screen
to mutually be overlapped on their margin. The process
region setting unit 102 changes each position in the process
region based on a result of behavioral analysis of the vehicle
by a below-mentioned vehicle behavior analysis unit 105a.
For example, when the vehicle to which the monitoring sys-
tem is installed is turning, the relative relationship between a
position in the 3D space corresponding to a process region set
in the image and the vehicle to which the monitoring system
is installed change. Therefore, once-set process region is set
again according to the amount of turning.

With reference to FIG. 4, a method for calculating the size
of the observation object will be described.

FIG. 4 is a diagram that describes a method for setting a
process region. FIG. 4A is a diagram showing the positional
relationship between the pedestrian and the vehicle from a
side, and FIG. 4B is a diagram showing the state of FIG. 4A
viewed from the above downwardly.

A vehicle 401 has a rear camera 402 as an example of the
onboard camera 111 of FIG. 1. It is postulated that at the back
of'the vehicle 401, the pedestrian M is standing. As shown in
FIG. 4A and FIG. 4B, when the distance to the pedestrian M
from the rear camera 402 is postulated as D, the size of the
pedestrian M is postulated so that the width and height thereof
are postulated respectively as W and H, the focal length of the
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rear camera 402 is postulated as f, and the conversion factor
for the distance in the real world and the distance in the image
are postulated as cu, cv. Further, when the size of the pedes-
trian M in the image is assumed so that the width and height
thereof are postulated respectively as u and v, the following
formula establishes:

W:D=u:f H:D=v:f

Based on the above, uxv is determined as the size of one
process region where

u=fxW=Dxcu

v=fxH+Dxcv

The process regions having the sizes defined in this manner
are arranged in the captured image so that they partially
overlap with each other. This amount of overlap of the process
region is set to be, for example, 50% of width u of the pedes-
trian M. This makes it possible, even when the pedestrian is
not located exactly at the midrange of the process region,
since at least 50% or greater of the region is occupied by the
texture of the pedestrian region, to lessen the effect of the
background pattern in the back of the pedestrian, so that
enlargement ratio of the pattern can be calculated conve-
niently.

Further, the above-described process region setting unit
102, when changing each position in the process region based
on the result of the behavioral analysis of the vehicle, sets the
process region by moving it by relative amount, projected on
the image plane, of movement that is calculated based on the
amount of movement of the pedestrian M and the amount of
movement of the vehicle to which the monitoring system is
installed. This makes it possible to continuously grasp a
pedestrian in the same process region even while the vehicle
to which the monitoring system is installed is moving.

When it is assumed that the amount of movement in the real
space environment of the pedestrian M is adequately small,
the proportion of the behavior of the vehicle to which the
monitoring system is installed is to become larger than the
relative amount of movement. Therefore, only the amount of
movement of the vehicle to which the monitoring system is
installed may be accorded with to move and set the process
region. Further, when sufficient process regions are densely
arranged, instead of changing each position in the process
region, the enlargement ratio among the distinct process
regions may be calculated according to the relative amount of
movement that is calculated.

The vehicle behavior analysis unit 105a, with the steerage
angle detected by the steerage angle sensor 122 and a vehicle
speed, a speed of each wheel and a revolution amount of each
tire detected by the wheel speed sensor 121 and calculated, as
inputs, and by using knowledge including length of the axle
shaft and the wheel base, calculates the amount of change in
a degree of turning angle of the vehicle to which the moni-
toring system is installed, which is accompanied by travelling
thereof. By storing the result of calculation, it is possible to
calculate the position of the vehicle to which the monitoring
system is installed with respect to a reference point in a world
coordinate. The reference point in the world coordinate may
be reset so that the position on system activation or the start of
an image recognition operation becomes the origin of the
coordinate systems or may be set with respect to the latitude
or longitude of the earth by using the result of positioning of
the vehicle, to which the monitoring system is installed, by
the GPS system.

By setting the process region in the manner as stated above,
since the image of the pedestrian to be the detection object is
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included to have a sufficient size in any of the arranged
process regions at least in the postulated distance, it becomes
easy to perform detection by below-mentioned means.

Further, since itis possible to cover an extent intended to be
detected with the minimum number of process regions, it
becomes possible to reduce the calculation cost spent by the
process. In other words, it becomes possible to optimize the
calculation amount while improving the detection perfor-
mance at the set distance.

Furthermore, as in the case of the fisheye lens or the
anamorphic lens, when a distance is postulated and the size of
the actual matter reflected on 1 pixel differs between the
center section and the periphery of the image, it becomes
possible to further improve the detection performance in the
neighborhood of the set distance by altering the process
region according to the portion of the image instead of setting
the process region uniformity.

The change rate calculation unit 103 calculates the change
rate of the size of the observation object in the corresponding
process regions between the images for a plurality of captured
images captured at different time points by the onboard cam-
era 111 and acquired by the captured image acquiring unit
101. For the calculation of the change rate, for example,
dynamic programming may be employed.

Dynamic programming is a technique to obtain correspon-
dence between two patterns. The luminance value distribu-
tion of two dimensional image patterns is projected on one-
dimension by postulating an appropriate one axis and
dynamic programming is applied to this one-dimensional
wave form projected.

In detecting a pedestrian based on an image, since a walk-
ing state, such as opening and closing in the leg portions and
swing of arms, holding of luggage, the apparent shape
changes momentarily. Therefore, it is difficult to calculate
change rate by simply associating the images with each other.
Therefore, by projecting luminance value distribution of
image patterns in the two dimension on a one-dimension (see,
for example, FIG. 5), it is possible to associate luminance
value distribution with deformation of the image in a robust
manner so that the change rate among the images associated
with different time points can be measured.

Here, since the vertical length in the body height direction
of the pedestrian is longer than the horizontal breadths, such
as those of shoulder or waist of them, when measuring is
performed on the image, it becomes possible to perform more
stable and accurate measuring of the change rate of the image
by projecting on axis of ordinate (Y-axis). In other words, for
example, when the enlargement ratio is 2%, and as compared
with the change of 1 pixel at the time when a pedestrian
comprising 50 pixels in the shoulder length (horizontal)
direction on the image becomes 51 pixels, the change of 4
pixels at the time when the pedestrian having 200 pixels in the
image body height (vertical) direction becomes 204 pixels
results in more stabile observation and less errors in quanti-
zation when the quantization error at the time of capturing is
considered. Therefore, when the change rate of the observa-
tion object is calculated, by combining projecting onto the
axis of ordinate (Y-axis) that is the body height direction as an
optimal axis for projection, an effect of improving the stabil-
ity and accuracy in the change rate measurement is achieved.

When a pitch angle of the vehicle changes, such as the case
where the vehicle to which the monitoring system is installed
accelerates or decelerates or when the vehicle runs on a not-
flat road surface or road surface having inclination changes
where the object moves in the vertical direction on the image,
projecting the luminance distribution on the axis of abscissas
(X-axis) of the image and observing the change in the width
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can more contribute to improving stability and accuracy in the
measurement of the change rate. Which one of the axes is
preferable for projecting the luminance distribution is deter-
mined by determining whether the pitch angle of the vehicle
is changing.

For example, the vehicle state obtained from sensor infor-
mation of sensors including a throttle opening angle sensor, a
brake sensor and acceleration sensor and a vehicle height
sensor are observed in time series, and when the amount ofthe
change in the vehicle state has become larger than a threshold
set in advance, it can be determined that the pitch angle is
changing. Further, it is possible for example, to extract a
white line or a boundary of lane called botts dots from the
image, and estimate, based on the offsets of the vanishing
point coordinates calculated therefrom, that pitch angle of the
vehicle is changing.

Further, in a image capturing device such as a CMOS
sensor of a rolling shutter scheme, which does not perform
shutter control for the whole screen simultaneously, and the
capturing timings are different for each scanning line of the
screen, since the position where a walking pedestrian is
observed is captured to be distorted, there is an effect that
calculation of the enlargement ratio in which offsets in time
sequence are reduced can be performed by projecting onto the
axis orthogonal to the scanning line.

By using FIG. 5 and FIG. 6, one example of a method for
calculating the change rate will be described.

FIG. 5 is a diagram showing one-dimensional luminance
value wave form. FIG. 6 is a diagram for explaining a method
for calculating the enlargement ratio from the one-dimen-
sional luminance value wave form. FIG. 5A is a diagram of a
wave form in which the luminance values in the process
region of the image at the image capturing time point t1 are
projected on the Y-axis. FIG. 5B is a diagram of a wave form
at a time later than the image capturing time point t1, in other
words, the diagram of the wave form in which image lumi-
nance values within the process region of the image at the
image capturing time point t2 that is different time point from
the capturing time t1 are projected on the Y-axis.

The change rate calculation unit 103, as shown in FIG. 5A
and FIG. 5B, projects the luminance values of the images 501
and 502 within the process regions at the image capturing
time point t1 and the image capturing time point t2 on the
Y-axis of the image, and generates one-dimensional lumi-
nance value wave forms 521 and 522. With a luminance value
1 (%, y) at each point within the process region uxv size, the
luminance value wave form J(y) can be obtained by the fol-
lowing formula:

J)=2IG ) (1=xsu,j=y)

With the luminance value wave form against image cap-
turing time point t1 and image capturing time point t2 being
11, J2, the following establishes:

(rxi, pyi)=argmin2(J1 (xm)-J2(yn))"2

1=m=u, l=n=v, Xmerxi, yneryi

The inclination ¢' of rxi, ryi in this operation represents the
change rate of the size of the pedestrian within the process
region corresponding to each other in each image at the image
capturing time point t1 and the image capturing time point t2.
An inclination ¢ in a unit time interval (T—tl) is calculated,
based on the inclination (V to calculate the change rate in the
unit time interval (T-t1) (change rate=1/inclination ).

Distances to the pedestrian at the image capturing time
point t1 and the image capturing time point t2 are denoted as
d1 and d2 and the sizes of the pedestrian on the image are s1,
s2; a distance to the pedestrian at time T is denoted as dT; and
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the size of the image of the pedestrian is denoted as sT. When
it is postulated that the moving speed of the pedestrian does
not change largely between times t1 and t2, the following
formula establishes:

d1xs1=d2xs2=dTxsT

¢=sT/s1

¢'=s2/s1
Further, the following establishes: 10
Q=LA 1+{(T=11)/(12-11) }x(s1/s2-1) }¢’

Corresponding process regions may be, for example, when
the vehicle to which the monitoring system is installed is not
moving, the same coordinates of the image. However, when
the vehicle to which the monitoring system is installed is in a
turning movement, the coordinate may be moved according
to the degree of turning angle of the vehicle to which the
monitoring system is installed.

For example, as shown in FIG. 6 A, when a chart in which
the luminance value 521 at the image capturing time point t1
is plotted on the axis of ordinate, and a luminance value 522
at the image capturing time point t2 is plotted on the axis of
abscissas is prepared, an upward-sloping graph line map can
be prepared. The angle of inclination ¢ of the arbitrary
approximation curve of the graph line map is a change rate.
For example, where there is no change of the size of the
pedestrian M between the image capturing time points t1 and
12, the angle of inclination ¢ is 45 degrees, but becomes less
as the pedestrian M approaches the onboard camera 111,
while the change rate becomes large.

The appearance deformation determination unit 104 com-
prises a leg portion deformation observation unit 104a that
observes apparent deformation of a leg portion in the image of
the observation object, and an arm portion deformation obser-
vation unit 1045 that observes apparent deformation of the
arm portion in the image of the observation object. The appar-
ent deformation refers to the fact that a matter in a 3D space
actually not having deformed is observed as a plurality of
different shapes having the relationship of affine transforma-
tion in a process of being projected onto an image plane
captured by the camera when being observed by a plurality of
different viewpoints. The leg portion or the arm portion is not
bent except for the joints and each link length does not change
either. However, when having been captured and projected on 45
the image plane, the angle or the length look changing on the
image depending on the positional relationship of the camera
and the character.

The leg portion deformation observation unit 104a
observes apparent deformation of the lower half within the 50
process region at the image capturing time point t1 and the
image capturing time point t2. When a pedestrian is included
within the process region, since the lower half of the process
region corresponds to the leg portion, it is possible to distin-
guish that the pedestrian is not in the stationary state but is 55
walking by moving the leg portion by determining presence
orabsence of the apparent deformation in the lower halfof the
process region.

In the case of the pedestrian, since the leg portion deforms,
by obtaining the difference of the image of the lower half of 60
the process region of and accumulating the luminance value
of the difference and comparing it with the threshold, it is
possible to determine whether appearance is deforming. In
other words, when the sizes at the image capturing time point
t1 and the image capturing time point t2, the luminance values 65
of'each point within the process region having the size of uxv
are [1(x, ), 12(x, y), a threshold to determine that deformation
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is taking place is denoted Thrl, the following formula estab-
lishes when the deformation is taking place.

S\ /) -RG,) 1= Thrl

l=izu, v/2<j=v

The leg portion deformation observation unit 104a com-
pares the accumulation of the absolute values of luminance
value difference against the lower half of the process region
with the threshold Thrl according to the above formula and
when the formula establishes, determines the leg portion is
deforming, and when the formula does not establish, deter-
mines that the leg portion is not deforming.

Although the arm portion deformation observation unit
1045 is similar to the leg portion deformation observation unit
104a, it obtains a difference from a different region, and
accumulates a luminance value difference for the range from
14 to 14 of the upper part of the process region. When the
threshold for determining that deformation is taking place is
denoted as Thr2 and when the deformation is taking place, the
following formula establishes.

S Gf)-R ()= Thr2

1=i=u, v/8=v/2

The arm portion deformation observation unit 1045 com-
pares the accumulation of the absolute values of the lumi-
nance value difference against the upper region of the process
region with threshold Thr2 according to the above-described
formula, and when the formula establishes, determines that
the arm portion is deforming, and when the formula does not
establish, determines that the arm portion is not deforming. In
the above-described formula, the lower half of the process
region and the range from Y% to /2 of the upper region is used.
However, shapes of the characters may be postulated to flex-
ibly set range.

The appearance deformation determination unit 104, when
at least one of the leg portion deformation observation unit
104a and the arm portion deformation observation unit 1045
determines that the appearance is deforming, determines that
there is deformation of the image that is the observation
object.

The object behavior analysis unit 105, based on the result
of the change rate calculation unit 103 and the appearance
deformation determination unit 104, determines whether the
observation object is the pedestrian moving in such a relative
direction to approach the vehicle to which the monitoring
system is installed. For example, when the change rate cal-
culation unit 103 determines that the image of the observation
object is changing in the direction to enlarge and the appear-
ance deformation determination unit 104 determines that the
image that is the observation object is deforming, the object
behavior analysis unit 105 determines that the observation
object is the pedestrian relatively approaching the vehicle to
which the monitoring system is installed.

The alarm output determination unit 106 determines
whether to output an alarm based on analysis result of the
object behavior analysis unit 105. As an alarm, outputting
warning sound to the speaker 112 or performing display on
the monitor 113 are executed. Further, when it is determined
by the sight line sensor 123 that the focus of the visual atten-
tion of the driver has already been directed to the direction of
an already-detected pedestrian, it is possible to restrict the
output of the speaker 112 and the monitor 113.

The vehicle periphery monitoring system 100 having the
above-described configuration, when the power supply from
a power-supply unit of a vehicle that is not illustrated is
initiated activates, and performs a system initialization pro-
cess such as clearing the memory. After the initialization is
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completed, the vehicle periphery monitoring system 100 per-
forms a diagnostic process for diagnosing whether or not the
functions of communication with the video image input unit
and sensors that are connected are normal. Then, after
completion of the initialization process and the diagnostic
process, the vehicle periphery monitoring system 100 waits
for the input of the initiation trigger of the vehicle circumfer-
ence monitoring function.

According to the present embodiment, the diagnostic pro-
cess determines whether the synchronization signal is
obtained at a predetermined period from the onboard camera
111 that is the capturing unit, whether the luminance level of
the video signal is within a predetermined range, and whether
the communications with the wheel speed sensor 121 and the
steerage angle sensor 122 are performed normally. Further,
the initiation trigger includes the following three kinds: a
signal indicating reverse that is output from a shift position
sensor, the fact that the speed of the vehicle to which the
monitoring system is installed obtained from a sensor or the
like for measuring the vehicle spot is kept to a constant value
or less for a predetermined period, and a timing specified by
a touch panel or a switch by a user.

When the initiation trigger is input, the captured image
acquiring unit 101 is used to transition to a state of acquiring
the captured image of the vehicle periphery, and after the
initiation trigger, captured images are acquired at predeter-
mined periods, and input to the process region setting unit
102, the change rate calculation unit 103, and appearance
deformation determination unit 104, respectively.

The process region setting unit 102 determines the size of
the one process region employed by the change rate calcula-
tion unit 103, and the arrangement of each process region
within the input image. For example, when an onboard cam-
era 111 with the definition of 720x480 pixels, horizontal
angle of view of 38 degrees, and the vertical angle of view of
30 degrees detects a pedestrian at the position away from the
vehicle by 40m having the body height of 160 cm, and the
shoulder length of 60 cm, and given that the definitions of the
onboard camera 111 are substantially the same at the center
section and the periphery, the pedestrian is to be observed as
having the breadth u=16 pixels, vertical length v=36 pixels.

The size of the detection object is the size of the one
process region. By setting the process region in this way, it
becomes possible to increase the proportion of the pedestrian
region occupying the process region, and it becomes possible
to improve the detection performance at the detection dis-
tance necessary for the system.

Further, when arranging each process region of the size
within the input image, it is desirable to arrange each process
region at the position where the central portion of the pedes-
trian at a postulated distance as detection object is included.
For example, when the onboard camera 111 is installed at the
height close to the waist of the pedestrian, it is preferable to
arrange each process region so that the horizontal line is
included. By arranging the process region in this manner, it
becomes possible to grasp the pedestrian range at approxi-
mately the center section of the process region even when the
distance to the pedestrian is different from the postulated
distance, and it becomes possible to improve the detection
performance for detecting the pedestrian at each distance.

In order to improve the detection performance in the neigh-
borhood of the vehicle, a plurality of different distances may
be postulated and one process region size may be set so that
the size of the pedestrian on the image calculated therefrom is
included. In other words, the pedestrian at the position away
from the vehicle by the 40 m comprises 16x36 pixels in the
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above-described camera, and a pedestrian away from the
vehicle by 20 m comprises 32x72 pixels.

In the change rate calculation unit 103, in the case where
the change rate of the image of the pedestrian is calculated by
projecting in the direction of the vertical axis, there is no
problem if the upper part or the lower part of the process
region includes an image other than a pedestrian image,
which is a background image. However, since the detection
performance decreases when the left and right portions
includes the background image, process regions are set to
16x72 pixels. By setting the size of the process region, it
becomes possible to improve the performance of detecting a
pedestrian at a distance different from a postulated distance.

Further, the postulated distance to the pedestrian may be
changed depending on the vehicle speed of the vehicle to
which the monitoring system is installed. For example, when
it is determined that Time To Collision (TTC; a remaining
time until the collision is estimated to take place) is equal to
2 seconds, 22 m and 33 m respectively for the speeds of 40
km/h and 60 km/h are critical distances in the travel of the
vehicle to which the monitoring system is installed. By
changing thus-postulated distance to the pedestrian according
to the traveling speed of the vehicle to which the monitoring
system is installed, it becomes possible to perform the detec-
tion of the pedestrian suited for travelling scenes. For
example, there is an effect of suppressing an over detection at
a distant position in travelling with a low speed and enabling
improvement of the detection performance in travelling with
a high speed and to provide more convenience.

The change rate calculation unit 103, when acquiring an
image by a captured image acquiring unit 101, first, accumu-
lates the image in the image memory, and then calculates to
associate images by using the above-described dynamic pro-
gramming between the acquired image and the accumulated
image. In the present embodiment, it is assumed that after
projecting each of the process regions of the input image and
accumulation image onto the axis of ordinate, associating
relationships in the height direction are calculated by the
dynamic programming and enlargement ratio is calculated.

For example, with the size of the process region being
determined to have the product of the breadth, N, by a vertical
length, 15, and a one-dimensional pattern in which the pro-
cess region of the input image is projected on the axis of
ordinate being I[15], and a one-dimensional pattern in which
the process region of the accumulation image being projected
onthe axis of ordinate is J[15], it is assumed that the following
is obtained as a pattern after projection:

1/15]={0,0,4,5,4,2,3,6,8,9,9,9,3,0,0}

J[151={0,4,5,5,4,2,2,3,7,8,9,9,9,3,0}

When these patterns are associated with each other by
dynamic programming, 1[2] and J[1], I[12] and J[13] are
associated with each other. However, it is assumed that I[0],
J[0] denoterespective initial elements, and I[14], ][ 14] denote
respective final elements.

Furthermore, since the whole of the pattern is not occupied
only by the pedestrian region and it is possible that back-
ground regions may be interfusing in the upper and lower
portions, only the center sections that are associated are
picked out and used in the calculation of the change rate. The
extent to which the ineffective range in the upper and lower
portions are set varies according to the postulation by the
process region setting unit. However, in the present embodi-
ment, the center section after deletion of approximately ten
percent of the pattern lengths of the upper and lower portions
is employed. The enlargement ratio to I of J in this time is
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calculated as (13-1+1)/(12-2+1)=1.18. The result of calcu-
lation is sent to the object behavior analysis unit.

In this way, by projecting onto a one-dimension pattern,
calculating association between the patterns at a plurality of
image capturing time points, and employing an enlargement
ratio of the center section of the result of associating, it
becomes possible to stably observe the change rate at a dis-
tance other than the postulated detection object.

When the objects are not moving or the moving speed of
the object is lower than that of the vehicle to which the
monitoring system is installed and the amount of movement
of the vehicle to which the monitoring system is installed is
calculated by using a Dead Reckoning method by using the
vehicle speed and the wheel speed pulse, it is possible to
measure the distance to the pedestrian based on the amount of
movement and the change rate. In other words, when the
vehicle to which the monitoring system is installed and the
change rate during the movement to change the distance to
pedestrian, from X to (X-D), is denoted as S, the distance to
object is denoted as D, the following formula establishes:

X:(X-D)=S:1

When the enlargement ratio is 1.18 while the vehicle to
which the monitoring system is installed moves by 3 m, the
distance to pedestrian can be calculated as 19.67 m. Thus-
calculated distance can be used to determine whether the
enlarging object is a cause of danger.

Appearance deformation determination unit 104 deter-
mines whether the input image and the accumulation image
are apparently deforming. In the leg portion deformation
observation unit 1044, as described above, the process region
is arranged in the position including a pedestrian central
portion, and deals with a part arranged at a position lower than
the horizontal line in a process region, as a leg portion region.
For the range of a part lower than the horizontal line of each
process region of the accumulation image and the input
image, SAD (difference absolute value summation, Sum of
Absolute Difference) is calculated.

Although the arm portion deformation observation unit
1045 is similar to the leg portion deformation observation unit
104a, the arm portion deformation observation unit 1045
obtains difference from a different range, that s, it determines
deformation of a region on the upper side than the horizontal
line of the process region. As described above, SAD is calcu-
lated for the upper region than the horizontal line of the
process region of each of the accumulation image and the
input image. The appearance deformation determination unit
104 compares the sizes of each SAD and the predetermined
threshold to determine whether the apparent deformation is
occurring, and sends the determination result to the object
behavior analysis unit 105.

The object behavior analysis unit 105 cannot discriminate
a wall or the like that is not moving from the pedestrian based
merely on the change rate of the image of the pedestrian
calculated by the change rate calculation unit 103, when the
vehicle to which the monitoring system is installed is moving.
Therefore, discrimination of the pedestrian is performed
based on information from the vehicle behavior analysis unit
105a that analyzes the behavior of the vehicle to which the
monitoring system is installed.

The vehicle behavior analysis unit 1054, can calculate the
distance and the position by and to which the vehicle to which
the monitoring system is installed has moved, when the steer-
age angle, vehicle speed, or the wheel revolution of each tire
of'the vehicle to which the monitoring system is installed, are
known. For example, when the Ackermann-Jeantaud model is
employed, the output value V(t), d(t), of the wheel speed
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sensor 121 and the steerage angle sensor 122, the position of
the vehicle (x, y) and the turning angle 6 can be obtained. The
Ackermann-Jeantaud model is a model in which turning
angles of the inner wheel and the outer wheel at the steering
wheel of the vehicle are determined as the same, and the inner
wheel and the outer wheel are dealt with as one wheel at the
center of an axle shaft between inner and outer wheels. When
the wheel base of the vehicle is Lw, the following equations of
state can be defined:

dx/dt=V{(t)xcos 0(2)
dy/dt=V{(t)xsin 6(z)

dO0/dr=V(t)xtan d(t)+Lw

By solving the above equations, it is possible to obtain the
turning angle and the position of the vehicle to which the
monitoring system is installed.

In the object behavior analysis unit 105, when the change
rate obtained from the change rate calculation unit 103 is a
threshold or greater, for example, when the speed of the
vehicle to which the monitoring system is installed is travel-
ling is 40 km/h, and the detection distance is set within 20 m,
and a range of the enlargement ratio of 1.05 or greater and that
is included in the detection range, and further, when it is
determined by at least one of the leg portion deformation
observation unit 104a and the arm portion deformation obser-
vation unit 1045 that deforming is taking place, it is deter-
mined that the observation object is a pedestrian. The deter-
mination result is sent to the alarm output determination unit
106.

The alarm output determination unit 106, at constant time
intervals, for example, of 300 msec, when a determination
result that a pedestrian is approaching, has come from the
object behavior analysis unit 105 three times, outputs the
warning sound to the speaker 112 or superimposes a red
frame or an icon on the portion of the process region of the
image acquired by the captured image acquiring unit 101 as
outputs to the image to the monitor 113.

As above, the present embodiment has been described in
detail. However, the present invention is not limited to the
above-described embodiment, and may be modified and sub-
jected to design variation within the scope of the spirit of the
present invention set forth in the claims. For example, the
embodiments are explained in detail to enhance the under-
standability of the present invention, and not always limited
to one comprising all the elements described above. Further,
any part of the embodiment can be subjected to addition of
other configurations, deletion, or replacement with other con-
figurations.

DESCRIPTION OF SYMBOLS

100 vehicle periphery monitoring system

101 image acquiring unit

102 process region setting unit

103 change rate calculation unit

104 appearance deformation determination unit
104a leg portion deformation observation unit
1045 arm portion deformation observation unit
105 object behavior analysis unit

106 alarm output determination unit

111 onboard camera

M pedestrian
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What is claimed is:

1. A vehicle periphery monitoring system that performs
monitoring of a vehicle periphery based on an image of the
vehicle periphery captured by an onboard camera, compris-
ing:

a captured image acquiring unit that acquires a captured

image captured by the onboard camera;

a process region setting unit that sets a process region for
detecting an observation object in the captured image
acquired by the captured image acquiring unit; and

an object behavior analysis unit that determines whether
the observation object is a pedestrian relatively
approaching the vehicle to which the monitoring system
is installed based on a change rate of a size of an image
of'the observation object between a plurality of captured
images captured at different time points in the process
region, and presence or absence of deformation of the
image of the observation object between the plurality of
captured images captured at different time points in the
process region,

wherein the process region setting unit arranges a plurality
of'process regions with sizes predetermined based on the
size of the pedestrian to be an image capturing object in
the captured image.

2. The vehicle periphery monitoring system according to
claim 1, wherein the object behavior analysis unit uses a
process region at a position that differs in response to move-
ment of the observation object relative to the vehicle when
determining whether the observation object is the pedestrian
relatively approaching the vehicle to which the monitoring
system is installed, based on the plurality of captured images
captured at different time points.

3. The vehicle periphery monitoring system according to
claim 1, further comprising a change rate calculation unit that
calculates a change rate of the size of the image of the obser-
vation object, wherein the change rate calculation unit calcu-
lates a change rate of the size of the image of the observation
object using the image of the observation object in a region
including at least a center section of the process region in the
vertical direction.
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4. The vehicle periphery monitoring system according to
claim 1, further comprising an appearance deformation deter-
mination unit that determines presence or absence of defor-
mation of the image of the observation object, wherein the
appearance deformation determination unit determines pres-
ence or absence of deformation in at least one of the upper
half and the lower half of the process region.

5. The vehicle periphery monitoring system according to
claim 1, wherein the process region setting unit allows the
plurality of process regions to mutually be overlapped on
their margin.

6. The vehicle periphery monitoring system according to
claim 1, further comprising a change rate calculation unit that
calculates a change rate of the size of the image of the obser-
vation object, wherein the change rate calculation unit deter-
mines to use a change in the size in the vertical direction or a
change in the size in the horizontal direction on the image of
the observation object depending on whether the pitch angle
of'the vehicle is changing and calculates a change rate of the
size of the image of the observation object using the change
determined to be used.

7. The vehicle periphery monitoring system according to
claim 1, further comprising a change rate calculation unit that
calculates a change rate of the size of the image of the obser-
vation object, wherein

the change rate calculation unit calculates a change rate of

the size of the observation object image using a one-
dimensional pattern in which a luminance value distri-
bution of two dimensional image patterns is projected on
one-dimension by postulating a predetermined axis,

an image capturing device of a rolling shutter scheme is

used as the onboard camera, and

the predetermined axis is set in a direction in which the

predetermined axis intersects with the scanning line of
an image.

8. The vehicle periphery monitoring system according to
claim 1, wherein the process region setting unit changes the
size of the process region predetermined depending on a
vehicle speed of the vehicle.
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